The essential oil compositions of the different plant parts of wild growing caraway (Carum carvi, Apiaceae) were analyzed by GC/MS and GC/FID. The plants came from two meadows in the Vienna region, Austria. The oils from young fruits had a high proportion of limonene (61-83%), and those from inflorescences limonene (39-62%) and germacrene D (23-41%). The carvone contents of fruits, inflorescences and leaves varied greatly. Leaves and stems, low in volatiles, were dominated by germacrene D and germacrene A. Therefore, wild caraway appears as a valuable aromatic herb in meadows.
The essential oil content was highest in the fruits with 6.4 to 6.9% in the dried fruits. The flower samples contained 1.5 to 2.0% oil, the leaf samples less than 1%, and the stem samples less than 0.05%. The composition of these oils can be summarized as follows (Table  1) : In the fruits, limonene formed 61.1 and 82.8 % of the Irenental and Alland samples, respectively, by far the most predominant monoterpene, followed by carvone (30.9 and 8.5%, respectively). The oils from the young fruits also contained some germacrene D (3.3 and 5.5%, respectively), while other compounds accounted for less than 1% each. Limonene was also the main oil compound in the inflorescence samples, followed by germacrene D (22.7 and 40.5 %, respectively), whereas carvone was present in one oil only. Some further sesquiterpenes were also present as minor compounds in the inflorescence oils, such as germacrene A, β-caryophyllene, β-elemene and bicyclogermacrene. Other compounds were below 1% in these samples. One of the leaf oil samples had high limonene (60.4%), germacrene D (20.7%) and carvone (12.6%) contents. The other leaf oil, as well as both stem oil samples, were low in volatiles with 66-70% germacrene D and 11-18% germacrene A. In these latter samples also the sesquiterpenes β-elemene and β-caryophyllene were minor compounds.
The commercial fruit sample contained 2.8% essential oil with 86.0% carvone, 13.0% limonene and 0.5% perillaldehyde ( Table 2 ). The last minor compound was not present in the oils from the wild 582 Natural Product Communications Vol. 9 (4) 2014
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Compared with the mentioned literature reports for the fruit oils, those in the present study had a high limonene proportion. This might also be due to the circumstance that the fruits were not yet fully ripened. During ripening the percentage of limonene in the oil decreased while that of carvone increased, and during storage the oil content, as well as the limonene to carvone ratio, decreased [1e]. Therefore, commercial samples of fully ripe fruits and a longer storage period may display higher carvone contents. The present oil samples from the vegetative plant parts (leaves and stems) displayed a high germacrene D proportion. Lawrence [1f] refers to an older report with a vegetative caraway oil containing 79.5% germacrene D. β-Caryophyllene and β-elemene were also reported in this oil, but no germacrene A. 
Hydrodistillation:
The plant parts were subjected to hydrodistillation in a Clevenger-type apparatus for 3 h using 3-10 g of the plant material and 200 mL of double distilled water. One mL n-hexane was added into the distillation apparatus to collect the oil.
Gas chromatography:
The distilled oils were analyzed with an Agilent Technologies 6890 N GC equipped with a FID. The separation was conducted on a DB-5 narrow bore column 10 m x 0.10 mm i.d. with 0.17 μm film thickness. The analytical conditions were: carrier gas He initial flow 0.5 mL/min (42 cm/sec), constant pressure 45.78 psi; injector temperature 250°C, split ratio 40:1, temperature program: 1 min at 60°C, with 8°C/min up to 85°C, then with 12°C/min to 280°C and held for 5 min at 280°C. The injector temperature was set at 250°C, and the injection volume was 1 μL. The FID was operated at 260°C with an air flow of 350 mL/min and a hydrogen flow of 35 mL/min. The percentage compositions of the essential oil constituents were calculated from the FID response, without any correction.
Gas chromatography/mass spectrometry:
To identify the volatile components, the samples were also analysed by GC/MS using a HP 6890 GC coupled to a HP 5972 quadrupole mass selective detector. Separation was achieved with a HP5-MS fused silica column (30 m x 0.25 mm i.d., film thickness 0.25 μm). The analytical conditions were: carrier gas He 1.3 mL/min constant flow; injector temperature 250°C, split ratio 40:1, temperature program: 2 min at 40°C, with 3°C/min up to 180°C, then with 4°C/min to 280°C and held for 4 min at 280°C. The injection volume was 1 μL. The transfer line to the MS was set at 280°C. The total ion current (m/z 40 to 350) was recorded and the individual compounds were identified according to their MS and their retention indices.
